Functional analyses of the pl0 gene promoter from the Autographa californica nuclear polyhedrosis virus (AcNPV) were performed by progressively deleting the 230 nucleotides upstream from the pl0 coding sequences towards the ATG codon. Truncated promoter sequences retaining the full 5' non-coding leader of pl0 were inserted in front of the chloramphenicol acetyltransferase (CAT) gene, and promoter activity in transfected AcNPV-infected cells was measured using the transient CAT expression assay. The removal of sequences to a position 101 nucleotides upstream from the pl0 ATG did not affect the level of CAT expression. Deletion of a further 13 nucleotides reduced CAT expression by three-to fourfold, but the removal of three more nucleotides, which deleted most of the baculovirus very late gene transcription consensus sequence, almost completely abolished activity. The removal of the TATA motif had no effect on the level of transient expression. We conclude that a sequence of about 101 nucleotides upstream from the ATG codon of p l0 is sufficient for high level promoter activity in this transient system.
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Throughout the very late phase of infection of insect cells with the Autographa californica nuclear polyhedrosis virus (AcNPV), two polypeptides, the 29K polyhedrin structural protein and a 10K non-structural protein (pl0) are expressed at very high levels. Together, they comprise the major proportion of the virus RNA and cell protein mass present in insect cells at 48 h post-infection (p.i.) (Smith et aL, 1982 (Smith et aL, , 1983b Rohel et al., 1983) .
The polyhedrin protein is the major component of the matrix of the occlusion bodies (polyhedra) (see Kelly, 1985; Vlak & Rohrmann, 1985) . Polyhedrin is not essential for the formation of infectious virus particles (Smith et al., 1983 a) ; hence foreign genes can be inserted in lieu of polyhedrin-coding sequences and expressed to high levels in infected cells (reviewed by Luckow & Summers, 1988) . The polyhedrin promoter has been shown to be present in a 69 nucleotide sequence extending upstream from the ATG translation start codon (Matsuura et al., 1987; Possee & Howard, 1987) . The 49 nucleotides between the ATG and mRNA start site (Howard et al., 1986) are particularly important for efficient promoter activity (Matsuura et al., 1987) .
The sequence of the pl0 gene and its flanking regions have been determined, together with the mRNA transcription initiation site (Kuzio et al., 1984; Lubbert & Doerfler, 1984; Liu et al., 1986; Rankin et al., 1986) ; the function of the pl0 protein is not known. However, using immunogold staining techniques van der Wilk et al. (1987) elegantly demonstrated that the p 10 protein was associated with fibrous structures in the nucleus and cytoplasm of the infected cell. It had previously been assumed that these structures were precondensation forms of the occlusion bodies (Summers & Arnott, 1969; MacKinnon et al., 1974; Chung et al., 1980; Tanada & Hess, 1984) . The fibrous bodies were missing in cells infected with an AcNPV recombinant expressing a pl0-fl-galactosidase fusion gene, emphasising their involvement in pl0 function (Vlak et al., 1988) . Furthermore, this study also demonstrated the potential of the p 10 promoter as a system for expressing foreign genes in baculovirus-infected cells. The p 10 promoter has yet to be fully characterized.
In a recent study (Weyer & Possee, 1988) we described experiments to investigate the sequence requirements for high level activity of the AcNPV pl0 promoter. Deletions were made in the 5' non-translated leader, which progressively removed nucleotides upstream from the ATG translation initiation codon; the effect on pl0 promoter activity was determined using a transient expression assay based on the chloramphenicol acetyltransferase (CAT) gene in the pSVO-CAT construct (Gorman et al., 1982) . These plasmids were transfected into AcNPVinfected Spodopterafrugiperda cells and CAT activity was measured at 52 h p.i. Expression of CAT decreased as the 5' non-coding sequences were progressively removed. The level of CAT expression found with a construct containing only 10~ of the 5' leader sequence was at least 50-fold lower than that obtained with a construct containing the complete sequence. The results indicated that the entire 5' leader sequence of the pl0 gene is necessary for high levels of gene expression from the pl0 promoter, as was demonstrated for the polyhedrin promoter (Matsuura et al., 1987) . Investigations have been continued to define the whole pl0 transcription unit, and in this report we describe the requirement for sequences upstream from the mRNA start site for promoter function using the CAT transient system to monitor promoter activity.
Very high CAT expression was obtained with the construct pAcpl0 + 1.CAT which contained pl0 sequences extending 230 nucleotides upstream from the first A of the pl0 ATG translation initiation codon (Weyer & Possee, 1988) . Therefore, the construct pAcpl0 + 1, containing identical pl0 sequences to those present in pAcpl0 + 1. CAT but inserted in a pUC18 derivative, was used to produce deletions in the pl0 sequences upstream from the mRNA start site by digesting with SmaI (in the pUC 18 polylinker) and then incubating with Bal 31 exonuclease at 37 °C (Fig. 1 a) . Samples were taken at intervals of 15 s up to 2 min and the reaction was terminated by phenol extraction. The extent of deletions was determined by digesting aliquots of the DNA with BgllI (at position + 1), radiolabelling with [32p]dATP using Escherichia coli DNA polymerase Klenow fragment, followed by PAGE with suitable size markers. DNA fragments of the desired length were treated with S1 nuclease and calf intestinal phosphatase, recircularized by ligation to BgllI linkers, and used to transform E. coli HB101 cells. Fragments containing truncated pl0 promoter sequences and the entire 5' leader were isolated and inserted into a modified pSVO-CAT construct containing a Bg/II site at the 5' end of the CAT gene (Weyer & Possee, 1988) . The orientation of the promoter relative to the CAT gene and the exact endpoint of each deletion were determined by sequencing the junction between the pl0 promoter and the CAT gene using the dideoxy method (Sanger et al., 1977) . These constructs were designated pP10.63CAT to pP10. 135CAT, where the number refers to the endpoint of deletion relative to the ATG of p 10; the nucleotide sequences are shown in Fig.  1 (b) . This figure also shows the pl0 nucleotide sequence from -230 to + 1 present in construct pAcpl0 + 1. CAT, described in Weyer & Possee (1988) ; for consistency, in this present report we refer to this construct as pP10.230CAT.
Transfection of these constructs into AcNPV-infected S. frugiperda cells and assays for transient CAT activity were performed as described in Weyer & Possee (1988) . In this recent report the following control experiments were described in detail. It was shown that pl0 promoter activity could not be detected after transfection of plasmids into uninfected cells. The optimal time point for transfection was found to be at 4 h p.i., whereas the levels of transient CAT expression were lower if transfections were carried out earlier or later than this time. In the CAT enzyme assays an incubation time of 45 min was used in the experiments described here. It was shown by S1 nuclease analysis that transcription during the transient expression of CAT initiated at the authentic p 10 mRNA start site normally used in AcNPV-infected cells (Kuzio et al., 1984) .
The results obtained from transfection experiments with the recombinant plasmids pP10. CAT into AcNPV-infected ceils are shown in Fig. 2 . Under the conditions used in this experiment the CAT expression obtained with constructs containing pl0 promoter sequences from position + 1 to -72 or further upstream was very high; the conversion of 14C-labelled chloramphenicol (CAM) to acetylated CAM was almost 100K. Therefore, deletion of pl0 Each deletion is flanked by BgllI linkers (lower case letters, underlined) which were used to insert the fragment into the pSVO-CAT BgllI construct (Weyer & Possee, 1988) . The TATA-Iike motif and consensus sequence for transcription initiation (Rohrmann, 1986) upstream sequences to -72 did not apparently affect expression of CAT. However, deletion of only a further three nucleotides, to position -69, resulted in a drastic reduction of CAT expression, by at least 40-fold. CAT expression obtained with constructs pP10.68CAT and pP 10.63CAT was also very low and comparable to the level obtained with pP 10.69CAT ( Fig.  2 ; less than 5 ~). The results of four independent experiments were quantified and are shown as mean values with their standard deviations in Table 1 . To assess minor differences in promoter activity between constructs generating very high levels of CAT the amount of cell extract used in CAT assays was reduced by 200-fold. Fig. 3 shows that there was no significant difference in CAT expression obtained with pPl0.88CAT compared to pP10.72CAT. However, the retention of a further 13 nucleotides up to position -101 resulted in an increase in CAT activity by approximately threefold. The presence of sequences further upstream from -101 did not significantly further enhance CAT expression. If the amount of cell extract used for CAT assays was reduced by only 50-fold compared to the conditions used for the experiments shown in Fig. 2 and Table 1 , the constructs pP 10.72CAT to pP 10.230CAT still gave nearly 100 ~o conversion of CAM to acetylated forms (data not shown). By combining the data for levels of CAT activity from Fig. 2 with Fig. 3 , it can be estimated that the removal of the pl0 promoter sequences to a point 69 nucleotides upstream from the ATG resulted in a decrease in promoter activity of at least 6000-fold; CAT activity was barely detectable after this deletion had been made. .CAT constructs (construct number indicated above each lane). The pP10.CAT constructs described in Fig. 1 were used to transfect AcNPV-infected cells(3.5 x 106cells, 10 p.f.u./cell) at 4hp.i. CAT activity in cell extracts was monitored at 52 h p.i. by incubation with 14C-labelled CAM and acetyl coenzyme A; the products were separated by chromatography on silica gel plates and detected by autoradiography. The percentage of total 14C-labelled CAM converted to acetylated forms (indicated below each lane) was calculated by excising the spots from the silica plate and counting in liquid scintillant. The positions of the different acetylated forms are shown on the right-hand side of the gel (1, CAM; 2, 1-acetyl CAM; 3, 3-acetyl CAM; 4, 1,3-diacetyl CAM). 
